Filtration and sedimentation behaviour of fibre/particle binary suspensions by Kuhan Chellappah (7127669) et al.
 
 
 
This item was submitted to Loughborough’s Institutional Repository 
(https://dspace.lboro.ac.uk/) by the author and is made available under the 
following Creative Commons Licence conditions. 
 
 
 
 
 
For the full text of this licence, please go to: 
http://creativecommons.org/licenses/by-nc-nd/2.5/ 
 
 Cite paper as: Chellappah K., Tarleton E.S. and Wakeman R.J., 2009, Filtration and sedimentation behaviour of fibre/particle binary 
suspensions, Filtration, 9(4), 286-294. 
1
FILTRATION AND SEDIMENTATION BEHAVIOUR OF FIBRE/PARTICLE BINARY 
SUSPENSIONS 
 
K. Chellappah1, E.S. Tarleton1 (e.s.tarleton@lboro.ac.uk) and R.J. Wakeman1,2 
1Advanced Separations Technology Group, Department of Chemical Engineering, Loughborough  
University, Loughborough, Leics., LE11 3TU, UK. 
2Consultant Chemical Engineer, Exeter, EX5 1DD, UK. 
 
 
ABSTRACT 
 
The constant pressure filtration characteristics of cellulose fibres, titanium dioxide (rutile) and 
mixtures of the two were studied using a well controlled filtration apparatus.  To interpret the 
filtration results, relevant fibre and particle physical properties were determined and the 
sedimentation behaviour of the binary suspensions quantified.  The porosities (εav) of filter cakes 
formed from pure fibre and rutile suspensions were approximately 0.75 and 0.6 respectively.  The 
general concept of additive porosity for binary mixtures agreed reasonably well with the 
experimental data.  With filtrations at 450 kPa, the average specific cake resistances (αav) for pure 
fibre and rutile in deionised water were approximately 9.4x1013 and 4.2x1012 m kg-1 respectively, 
with the variation of αav with fibre fraction showing a minimum.  Similar trends were observed at 
filtration pressures of 150 and 600 kPa.  No minimum in αav was observed with 450 kPa filtrations 
of suspensions made using 0.1 M CaCl2 solution.  It is concluded that the influences of solids 
composition and solution environment on αav are substantial for fibre/particle mixtures whilst the 
influence of filtration pressure is less evident.  
 
 
INTRODUCTION 
 
Fibrous solids are known to induce complexities in filtration due to their irregular shapes, high 
aspect ratios and wide size distributions.  A significant proportion of process/waste streams that 
require dewatering contain fibrous or similarly elongated solids, and are usually complex mixtures 
containing various solids of differing sizes, shapes and surface properties.  Examples of industries 
where such suspensions may be commonplace include water and wastewater treatment, paper 
and pulp, and pharmaceutical (where needle shaped particles are often encountered).  The study 
of binary suspensions containing particles and fibres are therefore of significant industrial and 
academic interest as such systems are representative of process/waste streams involving one 
solids component, which can be colloidal in nature, and another which is much larger and of a high 
aspect ratio.  Despite its importance, there appears to be a sparsity of research on the cake 
filtration of fibrous suspensions, and particularly for binary suspensions containing particles and 
fibres. 
 
The properties of a filter cake at any given time during filtration depend, to a large extent, on the 
packing behaviour of its constituent particles.  The packing behaviour increases in complexity 
when there is more than one solids phase and/or a range of particle sizes and shapes.  Typical 
theoretical predictions for spherical binary mixtures show a minimum porosity at some intermediate 
mixture fraction (generally attributed to interparticle penetration)1-5.  Theoretical1-5 and 
experimental3-7 works suggest that the larger the difference in size between the coarse and fine 
particles in a mixture so the more pronounced is the non-linearity in the porosity versus solids 
composition relationship.  Most pertinent to the deadend filtration of binary suspensions are the 
works of Shirato et al.8, Abe and Hirosue9, Wakeman10 and Iritani et al.11.  
 
Besides size and shape, physico-chemical properties can play an important role in particle packing 
during cake formation.  For instance, electrostatic interactions between particles and the effect of 
solution environment on filtration performance has been highlighted and studied by several 
workers in the past11-13.  After lamenting that the effects of physico-chemical factors on filtration 
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performance have received little or no attention for binary suspensions, Iritani et al.11 discussed the 
influence of electrostatic interactions on the filtration of titania (rutile) and silica mixtures.  They 
found that under the conditions where titania-silica aggregation occurred, the trend of specific cake 
resistance with solids composition showed a shallow minimum.  No such shallow minimum was 
evident in the absence of titania-silica aggregation.  
 
This paper discusses the filtration performance of fibrous as well as binary (fibre and titania (rutile)) 
suspensions.  The influence of suspension composition, filtration pressure and solution 
environment on filtration is discussed in relation to cake properties such as average cake porosity 
(εav) and average specific cake resistance (αav).  Discussions are aided by the analysis of 
sedimentation behaviour for identical suspensions. 
 
 
EXPERIMENTAL 
 
Apparatus and Methods 
 
A computer controlled, laboratory scale, pressure filtration apparatus capable of automated data 
acquisition was used for the filtration experiments.  Briefly, the hardware comprised a stainless 
steel (s/s) deadend Nutsche filter of 120 cm2 area and a s/s suspension storage vessel connected 
by s/s piping and computer controlled electro-pneumatic valving.  The filtration pressure was 
maintained at a constant level via an electronically driven regulator whilst filtrate flow was 
determined via successive readings from an electronic balance.  Positioned within the filter cell 
were 10 titanium micro-pressure transducers attached to custom made s/s holders and micro-bore 
tubes.  These were used in an attempt to determine liquid pressure profiles within a filter cake 
during filtration; although the response and accuracy of the transducers were proven in validation 
experiments with calcium carbonate (calcite) and pure rutile, the majority of pressure profiles could 
not be captured reliably due to the significant voidage inherent in filter cakes containing fibres.  
Further details of the apparatus can be found elsewhere14,15.  The filter medium was a Gelman 
Versapor 0.2 μm rated membrane.  A new membrane was used in each experiment and this 
yielded a visually clear filtrate in all cases.  Sedimentation experiments were carried out in a plastic 
graduated cylinder of 360 mm length and 59.5 mm inner diameter.  The suspension-supernatant 
interface height and corresponding elapsed time were recorded at suitable intervals. 
 
Suspensions consisting of either pure fibres, or rutile, or binary mixtures of the two, in deionised 
water or 0.1 M CaCl2 solutions were used.  In both filtration and sedimentation experiments the 
feed solids concentration was maintained at 1.1% v/v.  In experiments involving CaCl2, a 0.1 M 
solution was prepared prior to any solids addition.  In an experiment involving a binary mixture, 
rutile was added into the suspending medium and mixed for 30 minutes at 600 rpm prior to fibre 
addition in order to reduce dispersion problems.  The final suspension was stirred for 
approximately 3 h at 800 rpm with a flat blade stirrer prior to filtration or sedimentation.  Care was 
taken to ensure that suspensions were well mixed to minimise batch to batch variations.  
Experiments were carried out at a constant temperature of 21±2oC and over a narrow pH range.  
The pH of suspensions in deionised water ranged from approximately 8.4 (pure rutile) to 7.6 (pure 
fibres) and in 0.1 M CaCl2 solution from 6.9 (pure rutile) to 7.3 (pure fibres). 
 
Materials and Characterisation 
 
The fibres used were in the form of tissue paper (Merton Cleaning Supplies, Leicester).  When the 
tissue paper was dispersed into deionised water two types of suspended solids were produced, 
cellulose fibres and the fillers associated with the tissue.  Energy dispersive X-ray spectroscopy 
(EDX) determined calcite to be the filler and acid washing coupled with mass balances determined 
that approximately 4.8% v/v of the tissue paper comprised of these calcite fillers.  The titania was 
in the form of the rutile polymorph and obtained from Huntsman.  The true density of the fibres 
(including fillers) and rutile were 1300 kg m-3 and 4200 kg m-3, respectively.  Typical Scanning 
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Electron Micrograph (SEM) images of the rutile and fibres are shown in Figure 1. 
 
Rutile particle size distributions and zeta (ζ) potentials in deionised water were measured with a 
Malvern Zetasizer 3000 HS.  Due to the high aspect ratio and non-uniform shape of the fibres, 
neither light scattering nor photon correlation spectroscopy could be used for reliable fibre size 
distribution measurements.  The size (width) distributions of the fibres were therefore obtained by 
measuring more than a hundred fibres at various magnifications of SEM image.  Figure 2 shows 
the cumulative size distributions by number for rutile and fibres. 
 
The SEM images in Figure 1 show that rutile is elliptical in shape and slightly elongated with an 
aspect ratio of 2-4.  The fibres are generally non-cylindrical with aspect ratios expected to be more 
than 10, and more likely in the region of 100; although determinations were difficult, estimates were 
obtained by examining images of individual fibres ‘rubbed-off’ from samples of the tissue paper.  
From Figure 2 it is evident that the median particle size for rutile and median width of fibres were 
0.45 μm and 15 μm respectively, with the fibres displaying a much wider size distribution.  The 
standard deviation of fibre widths was 10.8 μm.  
 
The ζ-potential of the rutile and fibres in deionised water and 0.1 M CaCl2 at varying pH values 
were calculated from measured electrophoretic mobilities using the Smoluchowski equation and 
the results are presented in Figure 3.  There were no limitations in using the Zetasizer for 
measuring fibre ζ-potential as the Smoluchowski equation can be applied to particles of arbitrary 
shape provided the particle dimensions are much greater than the electrical double layer 
thickness16.  For suspensions in deionised water, the ζ-potential values were approximately -18 mV 
for fibres and -35 mV for rutile over the experimental pH range of interest.  For suspensions in 0.1 
M CaCl2 solution, ζ-potential values were approximately -5 mV for fibres and +21 mV for rutile 
where Ca2+ ions appear to adsorb onto the fibre and rutile surfaces. 
 
 
RESULTS AND DISCUSSION  
 
All filtration experiments were performed at constant pressure and analysed to establish values of 
average specific cake resistance (αav) and cake porosity (εav) using: 
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where V is the filtrate volume, t the filtration time, A the filtration area, ΔP the constant filtration 
pressure, µ the filtrate dynamic viscosity, ρl the liquid density, ρs the solids density, s the solids 
mass fraction in the feed, m the ratio of mass of wet cake to the mass of dry cake as measured at 
the end of filtration, Rm the membrane resistance and w the mass of dry solids deposited per unit 
filter area.  αav was determined in the conventional manner from the initial linear portion of dt/dV vs. 
V plots.  Initial settling rate in a sedimentation test was determined from a plot of suspension-
supernatant interface height vs. time, where the initial points fall on a straight line whose gradient 
can be calculated.  The proportion of sludge is the final sediment height (after 24 h settling) 
expressed as a percentage of the initial suspension height. 
 
The experimental data presented are representative of the dataset obtained during the 
investigation.  Error bars shown for some datasets indicate the level of reproducibility.  The effects 
of solids composition on binary suspension filtration are presented in terms of the variable XD 
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which is defined as the ratio of the volume of fibres to the total volume of solids in the suspension; 
XD = 0 indicates a pure rutile suspension (i.e. no fibres) whereas XD = 1 indicates a pure fibre 
suspension (i.e. no rutile).  
 
General Behaviour of Single Component Suspensions 
 
Filtrations of suspensions containing fibres were carried out at various pressures between 50 and 
600 kPa.  Figure 4 shows a typical plot of cumulative filtrate volume vs. time at a pressure of 450 
kPa; data for the filtration of a rutile suspension at the same pressure is included for comparison.  
Rutile, and particularly fibre, suspensions in deionised water were generally difficult to filter and 
formed cakes of relatively high resistance.  Filtration of fibre suspensions at various pressures and 
with other filter media (a 4 μm rated filter cloth was also trialled) were unexpectedly slow.  
Compressibility index values (n value in the well known relationship αav = α0(1–n)ΔPn) were 
determined to be approximately 0.7 for pure fibre cakes and 0.1 for pure rutile cakes.  These 
values indicate moderate compressibility and near incompressible behaviour, respectively. 
 
Pure rutile settled faster in 0.1 M CaCl2 solution than in deionised water due to suppression of the 
electrical double layer which promoted aggregation (the initial settling rate in CaCl2 solution and 
deionised water were 3.2x10-2 m s-1 and 1.1x10-5 m s-1 respectively).  Pure fibre suspensions did 
not readily settle in either solution environment as the constituent fibres appeared to be networked 
in the settling cylinder.  Pure fibre suspensions of lower total solids concentrations settled more 
readily and the initial settling rate was greater in 0.1 M CaCl2 solution.  By way of example, at a 
solids concentration of 0.16% v/v, the fibre initial settling rate was 0.14 m s-1 in 0.1 M CaCl2 
solution and 0.039 m s-1 in deionised water. 
 
General Behaviour of Binary Suspensions 
 
Figure 5 shows batch sedimentation results for suspensions of various solids compositions in 
deionised water and 0.1 M CaCl2 solution.  The results are presented in the form of initial settling 
rates and proportion of sludge vs. XD to assist in: (1) qualitative assessments of the degree of 
physico-chemical interactions (state of aggregation); (2) determination of packing characteristics at 
different solids compositions and solution environments; and (3) estimates of the degree of 
sedimentation which is likely to occur during a filtration. 
 
It is seen from Figure 5 that pure rutile and pure fibre in deionised water appear to be stable 
suspensions which do not readily settle.  With only small amounts of fibres added to a pure rutile 
suspension, rutile-fibre interactions take place and the suspension de-stabilises.  The initial settling 
rate continues to increase with XD up to the point where ~50% by volume of the solids consists of 
rutile, presumably due to the increasing surface area available for interaction.  Further increases in 
XD caused a sharp reduction in initial settling rate until approximately 75% by volume of the solids 
consisted of fibres, and subsequent increases in XD rendered the suspension essentially stable 
once again.  It is interesting that XD = 0.5 is also the approximate region where the proportion of 
sludge begins to undergo a more marked increase.  The general sedimentation trends for 
suspensions in deionised water and CaCl2 solution appear to be similar.  Initial settling rates in the 
range 0.1 < XD < 0.8 were lower for suspensions in CaCl2 solution, presumably due to the 
formation of low density, loosely networked aggregates.  The presence of more loosely networked 
aggregates in CaCl2 solution was evidenced by the greater proportions of sludge at a given XD. 
 
Examples of dt/dV vs. V plots for 450 kPa filtrations of binary suspensions in deionised water and 
CaCl2 solution are shown in Figures 6 and 7, respectively.  It is seen that a greater variation in 
filtration behaviour is observed with the suspensions in deionised water; note the different scales 
on the y-axes.  An interesting observation from Figures 6 and 7 is the presence of abrupt changes 
in the filtrate flow rate part way through some filtrations.  Such transitions have been noted by 
previous workers17-20 and attributed to the migration of fines, cake collapse and/or formation of 
channels within the cake.  These abrupt transitions are currently the subject of further investigation.  
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Figures 8 and 9 show the effects of solids composition and filtration pressure on εav and αav for 
filtrations at 150, 450 and 600 kPa.  Figures 10 and 11 show the effects of solids composition and 
solution environment on εav and αav for 450 kPa filtrations from deionised water and 0.1 M CaCl2.  
Error bars for some data are included to illustrate the level of reproducibility.  The behaviour shown 
in Figures 8-11 is described and interpreted in the following sections. 
 
Effects of Solids Composition 
 
Typical theoretical predictions for spherical binary mixtures show a minimum in the variation of 
porosity with solids composition whereby a larger difference in size between the coarse and fine 
particles generally yields a more pronounced non-linearity.  However, in this study, the variation of 
porosity with volume fraction of fibres is shown to be relatively limited and in many cases almost 
linear despite the fibres being of wide size distribution and generally several orders of magnitude 
larger than the rutile particles.  By way of example, two models are presented and compared to 
illustrate the fibre/rutile packing characteristics.  The first attempts to describe the concept of 
interparticle penetration (Tokumitsu model21) and the second the concept of additive porosity 
(Shirato additive law8).   
 
The following two equations have been proposed by Tokumitsu21 to predict the porosity of a 
packed bed formed from a binary mixture of particles.  For a packed bed rich in small particles: 
and for a packed bed rich in large particles: 
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where x1 is the size of large particles (fibres in this case) and x2 the size of small particles (rutile in 
this case).  Correspondingly, ε1 and ε2 are the average porosities of pure fibre and rutile filter 
cakes, respectively.  Briefly, equation (3) attempts to describe penetration of large particles into a 
packed bed of fines and equation (4) attempts to describe penetration of fines into a packed bed of 
large particles.  Further details of the physical meaning behind equations (3) and (4) are discussed 
by Abe and Hirosue9.  Predictions of εav given by equations (3) and (4) for cakes formed at 450 kPa 
are plotted in Figure 8 along with the experimental data to illustrate a typical theoretical prediction 
assuming interparticle penetration.  Similar trends were obtained using equations (3) and (4) on the 
150 and 600 kPa data.  Similar trends were also obtained when an ‘equivalent packing diameter’, 
xp1, was used instead of x1 (fibre width) in equations (3) and (4).  The equivalent packing diameter 
of a non-spherical solid is defined by Yu and Standish22,23 as the diameter of a sphere having the 
same size-dependent packing behaviour as the solid and can be expressed for fibrous solids as: 
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where Ψ is the fibre sphericity and L the fibre length.  Moreover, Yu and Standish22,23 claim that the 
equivalent packing diameter is a useful concept in relating non-spherical packing to spherical 
packing. 
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Using the Shirato additive law8, the additive porosity is given by the sum of the void volumes 
divided by the sum of the total volumes due to each component:  
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Predictions of εav given by the Shirato additive law are plotted in Figure 8 along with the 
experimental data.  It is immediately seen that equation (6) represents the data better than 
equations (3) and (4) and assuming the theoretical justifications of both models hold, this brings 
about some physical implications.  As discussed by Heertjes and Zuideveld24, a drawback of the 
Shirato additive law is that the filling of a pore volume generated by one component by another 
(finer) component cannot be described.  Considering the fibre and rutile shapes and the size 
distributions, the fibres may be coated by rutile to reduce the interfibre porosity to a small extent.  
However, Figure 8 suggests that the general concept of additive porosity seems to be better than 
interparticle penetrations when one particle is adsorbed onto the surfaces of the other.  
 
The trend of αav with solids composition for filtrations from deionised water passes through a 
minimum in the region 0.3 < XD < 0.7 (Figure 9).  This minimum is an interesting result as in many 
cases specific resistance has previously been reported to decrease gradually and become lowest 
when XD = 18,10.  However, a similar minimum in αav at an intermediate XD value was recently 
reported by Iritani et al.11 when aggregation occurred between the two solids phases (rutile and 
silica) of the binary mixtures filtered.  Iritani et al. did not observe a minimum in αav in the absence 
of such aggregation.  Similarly, the most likely reason for the concave αav vs. XD trend observed in 
the present work is rutile-fibre aggregation.  A contributing factor may be simultaneous 
sedimentation which leads to size classification within the cake; larger solids are more prevalent 
closer to the medium which promote a reduced αav.  The αav vs. XD trend for suspensions in 
deionised water corresponds to the trend of initial settling rate vs.  XD (Figure 5) where the greatest 
initial settling rates were obtained in the region 0.3 < XD < 0.6.  This comparability is not surprising 
as the initial settling rates were largely influenced by the degree of aggregation. Furthermore, the 
influence of simultaneous sedimentation is most significant for suspensions which give the greatest 
initial settling rates.  However, a more explicit relationship between αav and initial settling rate 
cannot be easily formulated because: (1) at higher fibre concentrations suspensions tend to 
become structured, thereby altering the settling behaviour; (2) settling rates will be reduced for 
loosely networked aggregates (lower effective density difference between the settling solids and 
suspending liquid); and (3) complications arise from simultaneous sedimentation during filtration. 
 
An increase in fibre volume fraction (XD) results in fractionally more porous cakes (larger εav) and 
also in a greater mean ‘size’.  Hence, increasing values of XD may be expected to result in more 
permeable filter cakes (i.e. lower αav).  However, when fibres dominate the filtration further 
complexity is introduced by a fibre’s ability to coil up and to mat out.  Yet more complications arise 
due to the presence of solids of widely varying shapes and sizes in the fibrous suspension with 
fines potentially being present which leads to conditions conducive to blinding. 
 
Effects of Filtration Pressure 
 
The porosities of all binary mixture cakes were slightly greater at 150 kPa than at 450 and 600 
kPa, presumably because the aggregates were able to maintain a more open structure at the lower 
pressure.  However, in general, the effects of filtration pressure on εav seem to be limited.  
Furthermore, the effects of filtration pressure on αav are less evident relative to the effects of solids 
composition and solution environment.  One noticeable effect is the increase in αav for filtrations of 
0.3 < XD < 0.7 suspensions at the highest pressure of 600 kPa, which is not surprising as the 
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extent of aggregation is seemingly greatest over this solids composition range and so the filter 
cake compressibility may be expected to be relatively high.  A direct consequence of the increase 
in αav is that the minimum observed in the αav vs. XD trend for filtrations at 600 kPa became less 
pronounced. 
 
Effects of Solution Environment 
 
With filtrations at 450 kPa, αav values for rutile (XD < 0.3) and fibre (XD > 0.7) rich cakes were 
significantly lower for the suspensions in 0.1 M CaCl2 solution (Figure 11).  The reduction in αav for 
feeds of pure rutile in CaCl2 solution corresponded with increases in cake porosity and initial 
settling rate.  The reduction in αav for rutile rich cakes was therefore attributed to suppression of the 
rutile electrical double layer resulting in a larger effective particle size.  The reduction in αav for fibre 
rich cakes was more significant and more difficult to reconcile.  A 0.1 M CaCl2 solution environment 
reduced αav values for pure fibre cakes by two orders of magnitude.  Potential reasons include 
charge, packing and/or swelling effects. 
 
Swelling of the fibres in CaCl2 solution will result in a larger fibre size and hence lower αav.  
Although swelling may be a contributing factor, parameter proportionality shows that to solely 
account for the reduction in αav the effective fibre width will have to increase by more than ten 
times its original width in deionised water which seems unlikely.  Changes to fibre packing in the 
presence of CaCl2 may alter the volume specific surface in contact with the fluid (Sv).  To solely 
account for the reduction in αav, Sv would need to decrease by approximately fifteen times its 
original value in deionised water.  Due to the high aspect ratio of the fibres, such a reduction in Sv 
may be plausible via changes to fibre orientation.  Although charge effects on fibres may initially 
appear to be insignificant due to their large size, it is perhaps the most likely reason for the 
reduction in αav.  The fines present in the fibre suspensions may have been removed (aggregated) 
in the presence of CaCl2.  The fines, along with wide shape and size distributions, may be 
responsible for the large αav value with feeds of pure fibre in deionised water in the first place.  The 
fines aggregation hypothesis is further supported by the fact that: 1) at a lower concentration 
(0.16% v/v), the initial settling rate for pure fibres was greater in 0.1 M CaCl2 solution than in 
deionised water; (2) the supernatant of a settled fibre suspension in deionised water was 
significantly more turbid than the supernatant of a corresponding suspension in 0.1 M CaCl2 
solution; and (3) the fibrous solids were close to their iso-electric point in 0.1 M CaCl2. 
 
Taking into account that the fibres and rutile were oppositely charged in CaCl2 solution, the effect 
of CaCl2 solution environment on rutile-fibre interactions could be expected to be greater than on 
rutile-rutile and fibre-fibre interactions as rutile-fibre electrostatic repulsions were not just reduced 
but altered to become attractive forces.  However, there was little variation in εav (Figure 10) and 
αav (Figure 11) due to CaCl2 addition in the solids composition range 0.3 < XD < 0.7.  This apparent 
discrepancy may be explained by the fact that αav cannot be expected to continually decrease and 
εav to continually increase with increased states of aggregation as there will eventually be a lower 
limit to the packing fraction under a given applied pressure.  This limit seems to have already been 
reached by cakes formed from suspensions in deionised water over the solids composition range 
0.3 < XD < 0.7.   
 
 
CONCLUSIONS 
 
Filtration data presented in this paper indicate the significance of physico-chemical interactions as 
the most likely cause of minima in the trend of αav with solids composition for feeds in deionised 
water.  The influence of solids composition was most pronounced in the absence of CaCl2 and the 
influence of solution environment was most pronounced at the extremes of solids composition (i.e. 
rutile rich and fibre rich).  For rutile rich cakes, the reduction in αav due to CaCl2 addition was most 
likely via suppression of the rutile electrical double layer.  For fibre rich cakes, although several 
hypotheses have been postulated, definitive reasons for the reduction in αav due to CaCl2 addition 
 Cite paper as: Chellappah K., Tarleton E.S. and Wakeman R.J., 2009, Filtration and sedimentation behaviour of fibre/particle binary 
suspensions, Filtration, 9(4), 286-294. 
8
were not apparent.  Compared to the influence of solids composition and solution environment, the 
influence of filtration pressure on αav was less significant.  The general concept of additive porosity 
seems to be better than interparticle penetration when one particle is adsorbed onto the surfaces 
of the other. 
 
 
NOMENCLATURE 
 
A  filtration area (m2)  
m  ratio of mass of wet cake to dry cake (-) 
n compressibility index (-) 
ΔP filtration pressure (Pa) 
Rm filter medium resistance (m-1) 
Sv specific surface (m-1) 
s mass fraction of solids in suspension (-) 
t  cake formation time (s) 
V cumulative filtrate volume (m3) 
w mass of dry solids deposited per unit area (kg m-2) 
XD ratio of volume of fibres to the total volume of solids in a binary suspension (-) 
x particle size (width for fibres) (μm) 
 
αav average specific resistance of a filter cake (m kg-1) 
α0 average specific resistance at unit applied pressure (m kg-1 Pa-n) 
μ liquid viscosity (Pa s) 
εav average filter cake porosity (-) 
ρL liquid density (kg m-3) 
ρS true density of solids or effective solids density for binary mixtures (kg m-3) 
 
Subscripts 
1 Referring to fibres 
2 Referring to rutile 
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FIGURES AND TABLES 
 
 
 
       
 
Figure 1: SEM images of the rutile (left) and fibres with associated calcite fillers (right). 
 
 
 
 
 
 
Figure 2: Cumulative size (width for fibres) distributions of the fibres and rutile in deionised water. 
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Figure 3: Zeta potential variation with pH for rutile and fibres in deionised water and 0.1 M CaCl2. 
 
 
 
 
 
Figure 4: Plots of cumulative filtrate volume versus time for filtrations of 1.1% v/v fibre and rutile 
suspensions in deionised water at a constant pressure of 450 kPa. 
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Figure 5: Effects of fibre fraction (XD) on the proportion of sludge and initial settling rate (a = 
proportion of sludge in deionised water; b = proportion of sludge in 0.1 M CaCl2 solution; c = initial 
settling rate in deionised water; d = initial settling rate in 0.1 M CaCl2 solution).  
 
 
 
 
 
Figure 6: Examples of dt/dV vs. V plots for the filtration of binary suspensions in deionised water at 
a constant pressure of 450 kPa. 
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Figure 7: Examples of dt/dV vs. V plots for the filtration of binary suspensions in 0.1 M CaCl2 
solution at a constant pressure of 450 kPa.  
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Figure 8: Effects of solids composition on εav for filtrations from deionised water at constant 
pressures of 150, 450 and 600 kPa.  The prediction given by equations (3) and (4) is included for 
the 450 kPa data and predictions given by equation (6) are included for all pressures. 
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Figure 9: Effects of solids composition on αav for filtrations from deionised water at constant 
pressures of 150, 450 and 600 kPa.  
 
 
 
 
 
 
Figure 10: Effects of solids composition on εav for 450 kPa filtrations from deionised water and 0.1 
M CaCl2. 
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Figure 11: Effects of solids composition on αav for 450 kPa filtrations from deionised water and 0.1 
M CaCl2. 
 
 
 
